AT A GLANCE

Technology forecasting

The limitations of natural
materials are a major obstacle
that must be overcome to meet
the ever-increasing demand for
faster, lighter, cheaper, and
more compact devices. By
providing effective material
properties not found in nature,
electromagnetic metamaterials
have the potential to aid in the
creation of ultrathin planar
lenses, superresolution
microscopes, compact
antennas, faster computer
chips, and surfaces that
radically alter or cloak the
electromagnetic signature of
an object.

Transistors are the building
blocks to computer chips; as
they get smaller, computers
get faster and more energy
efficient. But transistors and
the copper wires that connect
to them can only shrink so
much before they reach the
limits of quantum mechanics.
Researchers are making strides
in other fields to solve this
problem and find new
methods.

Homomorphic encryption
allows operations to be
performed on encrypted data
without sharing the secret key
needed to decrypt the data. If
a practical, fully homomorphic
solution can be created, it
could be the catalyst that
breaks down the security
barrier to widespread cloud
adoption.

The energy dissipation of
complementary metal-oxide
semiconductor transistors is
reaching physical limits and
has become a difficult barrier
to building more powerful
supercomputers. Digital
integrated circuits based on
superconductive
single-flux-quantum (SFQ)
logic offers a combination of
high-speed and ultralow
power dissipation unmatched
by any other device.

Plasmonic interconnects are
composed of optical fields
bound to metal surfaces; they
offer the benefits of
high-bandwidth signaling
with physical confinement
down to the true nanoscale
due to the metals on which
plasmons are supported.
Plasmonic interconnects have
the potential to alleviate the
current communications
bottleneck in computer
architectures.
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David Smith and his colleagues demonstrate composite
metamaterials, using a combination of plasmonic-type metal
wires and a split-ring resonator array to create a negative
permittivity and negative permeability in the microwave regime.
They demonstrate a negative index of refraction—this begins the

study of metamaterials.
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ntel transistors shrink to 45 nm.

2008 Researchers develop a metamaterial capable of absorhing

. all of the light that strikes it—a perfect absorber.
|

ntel transistors shrink to 32 nm.

(raig Gentry develops the first fully homomorphic encryption method. m

The method uses bootstrapping to allow for unlimited computations but
Intel transistors shrink to 22 nm. .

requires enormous amounts of computational effort and time.

Researchers from the Massachusetts Institute of Technology, Intel develops a 14 nm transistor. I
the University of Toronto, and Microsoft Research create a
three-part encryption scheme that uses homomorphic m

encryption as well as two other cryptographic techniques. Intel is expected to make their 14 nm transistor commercially available.
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I The number of metal layers in processors incorporating SFQ logic

ntel expects to develop a 10 nm transistor.
(\ will begin to increase, enabling more efficient circuit layouts.
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The size of features within SFQ processors will begin to m

shrink to the submicron level, therefore increasing

speed and computational throughput.
© O
Compact kinetic inductors fabricated from the superconductor
niobium nitride will further increase SFQ processor speed and m
computational throughput.

Fujitsu plans to have a fully homomorphic encryption solution for
commercial applications.

Advanced Josephson Junctions will boost SFQ processor circuit density.

Electrical current required for chip power and signaling will
likely exceed the material limits of copper metal.

Pulsed nanolasers will achieve subfemtosecond pulse widths and
will be incorporated in advanced silicon photonic devices. m

Gain materials and artificial metal-like materials will be developed A practical fully homomorphic encryption solution will be developed.
specifically for plasmonics applications.

Plasmon detectors will become more responsive and
sensitive—even Geiger-mode sensitive.

Applying Moore's law, a fully homomorphic search will be as efficient ﬂ

as a Google search is today.
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